Motivation: Motif Tool Manager is a web-based framework for comparing and combining different approaches to discover novel DNA motifs. It comes with a set of five well-known approaches to motif discovery. It provides an easy mechanism for adding new motif finding tools to the framework through a web-interface and a minimal setup of the tools on the server. Users can execute the tools through the web-based framework and compare results from such executions. The framework provides a basic mechanism for identifying the most similar motif candidates found by a majority of the motif finding tools.
INTRODUCTION
DNA motif discovery remains an important but challenging problem for biologists and computer scientists. A contributing factor for this inherent difficulty lies in the fact that motifs are fairly short (between 5-and 20-bp long) and can easily be confused with random signals in the much larger promoters of order of thousands of basepairs. As a matter of fact, many techniques have been employed in an attempt to address this problem including combinatorial enumeration, probabilistic modeling and heuristic search (Das and Dai, 2007; Tompa et al., 2005) . Researchers, however, have concluded that none outperformed the rest across different types of data and organisms and further suggested that complimentary techniques be used. Unfortunately, it is not convenient for many, especially life scientists, to compare many of these tools before settling on one that satisfies their needs. This is due to technical difficulties together with the fact that comparing outputs of different motif-finding programs is not always straightforward. Thus, there is a need for a platform to compare different techniques to determine one that is appropriate for a specific need (data set). Gordon et al. (2005) introduced a set of Python modules for discovering motifs. They later introduced a web-interface to this framework (Romer et al., 2007) .
The problem of managing motif discovery tools still exists to a large extent in such a framework. So far, it is not easy for researchers to incorporate new motif discovery algorithms that are not currently supported by the existing frameworks. In this note, we introduce a framework in a similar spirit as (Romer et al., 2007) with the additional ability to manage motif discovery tools effectively * To whom correspondence should be addressed. and with relative ease. This additional ability is accomplished by building our system on top of a content management system (CMS). We conceive that motif discovery tools are fundamentally 'contents' that need to be managed. As such, the use of a content management framework facilitates the building of a scalable and extensible motif tool manager. Fortunately, the current need in popular culture for the management of digital content (such as online auctions, videos, audios, news, reviews, bookmarks, citations and even phone messages) drives strongly in the field of information technology to build powerful content-management systems and platforms. Among many CMS, there is one that fits our needs, Drupal (http://drupal.org), in building a flexible, scalable framework for comparing and managing different motif discovery tools.
SYSTEM ARCHITECTURE AND FEATURES
Although motif finding algorithms vary in approaches, the common goal is the same: to find a set of patterns over expressed in a set of promoters. Typically, a motif is represented by a position weight matrix characterizing a set of motif occurrences, which are strings of length between 8 and 20. Its quality is measured by the information content of the motif occurrences. The output of each motif finding tool is typically a set of candidate motifs. These common properties make it possible to build a platform incorporating many different algorithms.
The novel aspect of our platform from a software design perspective is the view of the tool-management platform as a CMS (Phan and Malasri, 2008) . A type of content is a syntactically welldefined data structure. A CMS facilitates the organization, creation, destruction and modification of different types of content. In our framework, types of content are diverse in their meanings. They include: (i) promoter, (ii) motif, (iii) request of execution of a tool on a set of promoters, (iv) result from executing a particular request, and (v) comparison of results of different tools.
In order to use the platform, users need to obtain tools that predict motifs from various sources. The default download provides five popular tools: AlignACE (Roth et al., 1998) , Bioprospector (Liu et al., 2001) , DME (Smith et al., 2005) , MDScan (Liu et al., 2002) and MEME (Bailey and Gribskov, 1997) . They are all free, but DME needs users to sign a non-commercial license. The tools must be installed on the Linux/Unix server with PHP and MySQL.
It is possible and relatively easy to introduce a new tool into our framework. Each tool must have a command line interface and should be able to take as inputs promoters and other parameters such as motif length. It should also return the motif candidates as file or standard outputs. Users are able to construct a specific type of content for each tool and add this into the system. This type of content can also be configured to take other parameters unique to the tool. All of this construction and configuration takes place on the same web-based platform.
Once installed, registered users are able to perform fundamental motif discovery tasks. First, users are able to upload and store promoters to their specific account. The organization of datasets is cleanly provided by the base CMS. Users can utilize the default taxonomy feature to classify and tag their data with meaningful names to facilitate searching and retrieval of their data.
Second, users can run any tool on any dataset available in the system. Through the web-based interface, users can specify the motif length, number of candidate motifs and other parameters specific to the motif finding tool. The system schedules and carries out the requests by running the appropriate tool on the server. In this regard, the system serves as a web interface to the motif discovery tools. Once an execution is finished, users will be notified and the result from the requested tool will be stored for further analyses. Motifs are visualized using the WebLogo software, http://weblogo.berkeley.edu/. Figure 1A shows an example of a request for the execution of Bioprospector. Requests for executing DME, MDScan, MEME and AlighACE are very similar.
Third, users can interactively select results from running different tools on the same set of promoters, compare them, and obtain groups of the most-similar motifs found by different tools. Users can choose to find common motifs detected from all results produced by the motif finding tools, or they can choose to find common motifs from a subset of the results. This feature is useful because it is possible that the motif finding tools find no consensus motif. Various metrics (such as Euclidian and cosine) are available to allow users to experiment with different ways of defining similarity of motifs. Users can additionally specify if motif candidates in the consensus finding are allowed to be overlapped. In the attempt to find consensus motifs, the system goes through the list of candidates, identifies groups of motif candidates found by all the tools and returns the groups with the highest P-values. The P-value is defined as the probability of having the same similarity in comparison to a random group of motifs in the set. It is computed by applying a one-sided Chebyshev's inequality on the mean and SD of a set of 1000 random motif groups in the set. Figure 1B shows an example, in which the system identified groups of very similar motifs from different tools.
Presently, the most effective way of discovering novel motifs seems to be a combination different approaches and use them together in a meaningful way (Das and Dai, 2007; Tompa et al., 2005) . Our system provides a starting point for implementing and combining different approaches to identify consensus motifs.
